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(57) ABSTRACT 

The invention relates to a ?eld effect transistor in Which the 
planar channel region on the upper surface of the elevation 
is extended in Width by means of additional vertical channel 
regions on the lateral surfaces of the elevation. Said addi 
tional vertical channel regions connect directly to the planar 
channel region (vertical extended channel regions). Said 
?eld effect transistor has the advantage that a signi?cant 
increase in the effective channel Width for the current flow 
ION can be guaranteed relative to conventional transistor 
structures used up until the present, Without having to accept 
a reduction in the achievable integration density. Said ?eld 
effect transistor furthermore has a 10W reverse current IOFF. 
The above advantages are achieved Without the thickness of 
the gate insulators up to the region of the charge transfer 
tunnels having to be reduced or a reduced stability. 
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FIELD EFFECT TRANSISTOR AND METHOD FOR 
PRODUCTION THEREOF 

CLAIM FOR PRIORITY 

[0001] This application claims priority to PCT/EP02/ 
07028, ?led in the German language on Jun. 25, 2002, Which 
claims the bene?t to German Application No. DE 101 
31276.8, ?led in the German language on Jun. 28, 2001. 

[0002] The present invention relates to a ?eld-effect tran 
sistor and a method for fabricating it. The characteristic 
parameters of conventional ?eld-effect transistors, in par 
ticular of planar MIS ?eld-effect transistors (MISFET), are 
increasingly impaired With continual structural miniaturiZa 
tion (scaling) and increasing of the packing density of 
integrated circuits. Thus, by Way of example, With a short 
ened channel length of the transistor the threshold voltage 
VT of the transistor decreases. At the same time, With a 
shortened channel length, the ?eld strength in the channel 
region and the reverse current IOFF increase (SCE: short 
channel effect; roll-off). Furthermore, With a reduced chan 
nel Width, the forWard current ION varies in a non-linear 
manner. In addition, the geometry and doping of the ?eld 
effect transistor are modi?ed at the junction betWeen the 
channel and the insulation. Generally, in the event of scaling, 
the channel boundaries gain in relative, importance With 
respect to the central channel region (NCE: narroW channel 
effect, INCE: inverse narroW channel effect). 

[0003] In order, despite the difficulties mentioned, to be 
able to ensure an improvement/maintenance of the perfor 
mance of ?eld-effect transistors in the context of advancing 
structural miniaturiZation (scaling), a series of measures are 
proposed or implemented. Thus, by Way of example, a 
matched scaling of the internal operating voltage levels is 
effected at the same time as the MISFET scaling. Further 
more, the doping pro?les of the Well and channel regions 
and also of the source and drain regions are generally 
optimiZed. At the same time, scaling of the gate insulator 
With regard to thickness and material is usually carried out. 

[0004] Further improvements result from the use of sali 
cided source and drain regions (S/D) and salicided gate 
electrodes. A further improvement can be obtained by mini 
miZation of the parasitic resistances or capacitances of the 
connection metalliZation, for example through the use of 
copper Wiring, and of the intermediate insulators, for 
example through the use of so-called ‘loW-k” materials. In 
the case of DRAM memory cells, it is also possible to adapt 
the read-out logic to the “ON’, currents—Which decrease 
With each ‘shrink”—of the respective array transistors (e.g. 
reduction of the resistances of the gate tracks). 

[0005] A further possibility for maintaining or improving 
the performance of ?eld-effect transistors consists in the use 
of modi?ed transistor arrangements Which, for example, 
have elevated source/drain regions (“elevated S/D”) or 
Which are based on a so-called ‘silicon on insulator” tech 

nology (SOI) or Which have a material With a higher carrier 
mobility, e.g. SiGe, in the channel region. Additional pos 
sibilities Which result When the operating temperature is 
loWered are not presented here. 

[0006] The introduction of the trench ?eld isolation (STI: 
shalloW trench isolation) instead of conventional LOCOS 
?eld isolation likeWise contributes to improving the situa 
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tion. If a trench ?eld isolation (STI: shalloW trench isolation) 
is used instead of a conventional LOCOS ?eld isolation, 
then it is generally necessary to take additional measures to 
minimiZe the so-called “inverse narroW channel effect” 
(INCE). Thus, by Way of example, a positive step height of 
the STI upper edge above the semiconductor surface is set 
in order to avoid a so-called “Wraparound gate”. Further 
more, a local doping of the transistor channel at the junction 
With the ?eld isolation, the so-called “corner region”, may 
be provided in addition to the normal channel doping. 

[0007] Oxidation of the STI sideWalls during the STI 
processing may result in the production of a so-called 
“bird’s beak geometry” and edge rounding of the active 
regions at the junction With the trench isolation. In the 
process sequence, the terms mentioned here are “corner 
rounding”, “mini LOCOS” or “post CMP oxidation”. These 
measures also serve to counteract the “inverse narroW chan 

nel effect” (INCE). This effect can be reinforced by prior 
lateral etching-back of the pad oxide. Edge rounding of the 
active regions can also be produced by means of thermal 
surface transformation. Furthermore a nitride spacer guard 
ring may be provided. In order to avoid a gate overlap over 
the corner region, it is possible to provide a self-aligned 
termination of the gate edge before the ?eld isolation 
boundary. This may be done for example by joint patterning 
of poly-gate and active region during the STI patterning. 

[0008] Despite all these measures, hoWever, it is becoming 
more and more difficult to ensure adequate forWard currents 
ION above a feature siZe of about 100 nm, Without the risk 
of tunneling or degradation of the gate oxide stability of the 
MISFET. Therefore, a series of alternative transistor 
arrangements have been proposed. 

[0009] The document US. Pat. No. 4,979,014 discloses a 
MOS transistor having a Web-type elevation on a semicon 
ductor substrate. The channel of this transistor is arranged 
along the Web-type elevation and has, besides the channel 
region at the top side of the Web-type elevation, tWo further 
channel regions at the side Walls of the Web-type elevation. 
The transistor in accordance With document US. Pat. No. 
4,979,014 exhibits a pronounced “corner effect”, Which is 
used to produce a large depletion Zone. 

[0010] The document Huang et al. “Sub 50 nm FinFET; 
PMOS” IEDM 1999 discloses a transistor called “FinFET”, 
Which has a dual gate structure at the side Walls of the 
Web-type elevation (“Fin”). The FinFET avoids the INCE by 
means of a thicker insulator layer on the narroW Fin covering 
surface. 

[0011] Unfortunately, all of the measures mentioned either 
have only limited ef?cacy or they require a high process 
engineering outlay. Therefore, it is the object of the present 
invention to provide a ?eld-effect transistor and a method for 
fabricating it Which reduce or avoid the abovementioned 
dif?culties. In particular, the object of the present invention 
is to provide a ?eld-effect transistor makes available an 
adequate forWard current ION and Which can be fabricated 
With a loW outlay, compatibly With the previous conven 
tional integration process for planar MOSFETs. 

[0012] This object is achieved by the ?eld-effect transistor 
in accordance With the independent patent claim 1 or by the 
?eld-effect transistor in accordance With the independent 
patent claim 4 and by the method for fabricating a ?eld 
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effect transistor in accordance With the independent patent 
claim 12. Further advantageous embodiments, re?nements 
and aspects of the present invention are apparent from the 
dependent patent claims the description and the enclosed 
draWings. 
[0013] A ?rst aspect of the present invention provides a 
?eld-effect transistor Which comprises of the following 
features: 

[0014] a) at least one Web-type elevation, Which is 
arranged on a semiconductor substrate and has an 
upper surface and lateral surfaces, 

[0015] b) a ?rst gate oXide layer, Which is arranged on 
the upper surface of the Web-type elevation, 

[0016] c) a ?rst gate electrode, Which is arranged on 
the ?rst gate oXide layer, the ?rst gate electrode 
having an upper surface and lateral surfaces, 

[0017] d) a second gate oXide layer, Which is 
arranged at least on a part of the lateral surfaces of 
the Web-type elevation and the ?rst gate electrode, 

[0018] e) a second gate electrode, Which is arranged 
on the second gate oXide layer and the upper surface 
of the ?rst gate electrode and 

[0019] f) source and drain regions, Which are 
arranged on the elevation. 

[0020] A further aspect of the present invention provides 
a ?eld-effect transistor comprising the folloWing features: 

[0021] a) at least one Web-type elevation, Which is 
arranged on a semiconductor substrate and has an 
upper surface and lateral surfaces, 

[0022] b) a ?rst gate oXide layer, Which is arranged at 
least on a part of the lateral surfaces of the Web-type 
elevation, 

[0023] c) a ?rst gate electrode, Which is arranged on 
the ?rst gate oXide layer, the ?rst gate electrode layer 
having an upper surface and lateral surfaces, 

[0024] d) a second gate oXide layer, Which is 
arranged on the upper surface of the Web-type eleva 
tion and the upper surface of the ?rst gate electrode, 

[0025] e) a second gate electrode, Which is arranged 
on the second gate oXide layer and the lateral sur 
faces of the ?rst gate electrode, and 

[0026] f) source and drain regions, Which are 
arranged on the elevation. 

[0027] Further, the invention provides a method for fab 
ricating a ?eld-effect transistor, Which comprises the fol 
loWing steps: 

[0028] a) a semiconductor substrate With a ?rst gate 
oXide layer applied thereon and a ?rst gate electrode 
layer applied to the gate oXide layer is provided, 

[0029] b) at least one Web-type elevation With an 
upper surface and lateral surfaces is produced, the 
?rst gate oXide layer and the ?rst gate electrode layer 
being arranged on the upper surface, 
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[0030] c) a second gate oXide layer is produced at 
least on a part of the lateral surfaces of the Web-type 
elevation and the ?rst gate electrode-layer, 

[0031] d) a second gate electrode layer is applied, so 
that the second gate electrode layer is arranged on 
the second gate oXide layer and the upper surface of 
the ?rst gate electrode layer, and 

[0032] e) the ?rst and second gate electrode layers are 
patterned to form ?rst and second gate electrodes and 
source and drain regions are produced. 

[0033] The ?eld-effect transistor according to the inven 
tion has the advantage that a signi?cant increase in the 
effective channel Width for the forWard current ION can be 
ensured compared With previously knoWn, conventional 
transistor structures, Without having to accept a reduction of 
the integration density that can be attained. In the case of the 
?eld-effect transistor according to the invention, the planar 
channel region at the upper surface of the elevation is 
eXtended in Width by additional vertical channel regions at 
the side areas of the elevation. These additional vertical 
channel regions directly adjoin’the planar channel region 
(vertical eXtended channel regions). Furthermore, the ?eld 
effect transistor according to the invention has a small 
reverse current IOFF. These advantages are obtained Without 
having to reduce the thickness of the gate insulator into the 
region of the tunneling of charge carriers or reduced stabil 
ity. 
[0034] In this case, the additional vertical channel regions 
are obtained according to the invention by utiliZing the 
vertical semiconductor surfaces Which can preferably be 
produced analogously to the conventional planar transistor 
arrangement during the STI patterning (“shalloW trench 
isolation”) and form the vertical STI sideWalls. The process 
for fabricating the transistor according to the invention is 
thus so closely related to the process sequence of the 
conventional STI-isolated, planar transistor that conven 
tional, planar transistors can be integrated and combined 
very simply on the same chip With transistors according to 
the invention. 

[0035] BetWeen the planar channel region and the vertical 
channel regions there eXists a transition region in the form 
of a conveXly curved edge., arranged in the source/drain 
direction, on the Web-type elevation as constituent part of 
the active channel. In the case of previously proposed 
transistor arrangements, this edge alWays led to a pro 
nounced “corner effect” Which adversely in?uenced the 
threshold voltage of the transistor. In the case of the ?eld 
effect transistor according to the invention, this problem is 
largely avoided by the special enclosure arrangement Which 
has the ?rst and second gate oXide layers and also the ?rst 
and second gate electrodes. 

[0036] In accordance With one preferred embodiment of 
the ?eld-effect transistor according to the invention, the 
second gate oXide layer is made thicker on the lateral 
surfaces of the ?rst gate electrode than on the lateral surfaces 
of the Web-type elevation. Furthermore, it is preferred if an 
insulating spacer is arranged on the second gate oXide layer 
at the level of the ?rst gate electrode. This makes it possible 
to further reduce the electric ?eld strength at the edges. 

[0037] In accordance With a further preferred embodiment 
of the ?eld-effect transistor according to the invention, the 
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edges of the Web-type elevation are rounded between the 
upper surface and the lateral surfaces. This rounding can 
preferably be produced With the aid of a short high-tem 
perature process. Accordingly, the transistor according to the 
invention can be processed With a signi?cantly reduced 
temperature budget. This yields advantages interalia in 
respect of doping pro?les and performance. Moreover, as a 
result, the transition region betWeen the planar and vertical 
channel regions is kept small, and virtually the entire Width 
and depth of the geometrical channel area can be utiliZed as 
active channel even in the event of a very highly scaled 
transistor geometry. 

[0038] In this case, it is particularly preferred if the radius 
of curvature of the edges is of the order of magnitude of the 
layer thickness of the ?rst or second gate oxide layer. 
Accordingly, the threshold voltage of the so-called “parasitic 
corner device” can be brought to a value Which is greater 
than the value of the threshold voltage of the planar channel 
region. The resulting electric ?eld strength along the surface 
of the edge curvature consequently does not exceed the 
electric ?eld strength prevailing in the planar part of the 
channel. 

[0039] In accordance With a further preferred embodiment 
of the ?eld-effect transistor according to the invention, 
spacers are arranged betWeen the source region and the gate 
electrodes and also betWeen the drain region and the gate 
electrodes. Furthermore, it is preferred if the ?rst gate 
electrode has a polysilicon layer. Moreover, it is particularly 
preferred if the second gate electrode has a polysilicon-metal 
double layer or a polycide layer. In accordance With a further 
preferred embodiment of the ?eld-effect transistor according 
to the invention, the part of the lateral surfaces of the 
Web-type elevation Which is covered by a gate oxide layer is 
bounded by a trench isolation. Furthermore, it is particularly 
preferred if the doping pro?le depth of the source and drain 
regions is greater than the extent of the part of the lateral 
surfaces of the Web-type elevation Which is covered by a 
gate oxide layer. 
[0040] In accordance With one preferred embodiment of 
the fabrication method according to the invention, the Web 
type elevation is produced With the patterning of the 
trenches for a trench isolation. In this case, it is particularly 
preferred if the trenches for the trench isolation are ?lled 
With oxide and etching-back, preferably after a CMP step, is 
carried out, so that a part of the lateral surfaces of the 
Web-type elevation is uncovered. 

[0041] In accordance With a further preferred embodiment 
of the fabrication method according to the invention, at least 
one thermal process is carried out for rounding the edges of 
the Web-type elevation betWeen the upper surface and the 
lateral surfaces. Furthermore, it is particularly preferred if 
the gate oxide layers are in each case produced by thermal 
oxidation. 

[0042] In accordance With a further preferred embodiment 
of the fabrication method according to the invention, the 
second gate oxide layer is produced by selective oxidation, 
so that the second gate oxide layer is made thicker on the 
lateral surfaces of the ?rst gate electrode than on the lateral 
surfaces of the Web-type elevation. Furthermore, it is pre 
ferred if an insulating spacer is produced after the produc 
tion of the ?rst gate electrode layer, so that an insulating 
spacer is arranged on the second gate oxide layer at the level 
of the ?rst gate electrode. 
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[0043] The invention is explained in more detail beloW 
With reference to ?gures of the draWings, in Which: 

[0044] FIGS. 1 and 2 shoW a ?rst embodiment of the 
?eld-effect transistor according to the invention, 

[0045] FIGS. 3a-3h shoW a ?rst embodiment of the 
method according to the invention for fabricating a ?eld 
effect transistor 

[0046] FIG. 4 shoWs a further embodiment of the ?eld 
effect transistor according to the invention, 

[0047] FIG. 5 shoWs a further embodiment of the ?eld 
effect transistor according to the invention, and 

[0048] FIG. 6 shoWs a further embodiment of the ?eld 
effect transistor according to the invention. 

[0049] FIGS. 1 and 2 shoW a ?rst embodiment of the 
?eld-effect transistor according to the invention. In this case, 
FIG. 1 shoWs the general structure of this embodiment of 
the ?eld-effect transistor according to the invention, While 
FIG. 2 illustrates the details of this according be seen 
according Which is embodiment of the ?eld-effect transistor 
to the invention in a cross section. As can from FIG. 1, the 
?eld-effect transistor to the invention has a Web-type eleva 
tion 2, arranged on a semiconductor substrate 1 and has an 
upper surface 2a and tWo lateral surfaces 2b. The Web-type 
elevation 2 constitutes the active semiconductor region in 
this case. 

[0050] The active semiconductor region 2 With vertical 
connection to the semiconductor substrate 1 is laterally 
insulated from adjacent active regions (not illustrated) by 
STI ?eld isolation regions 3. The surface 2a, 2b of the active 
region is patterned into source and drain regions and also 
into a planar channel region. The Web-type elevation 2 
projects above the STI surface, as a result of Which the side 
areas 2b of the active region are in part not covered by the 
isolation 3. These uncovered side areas, directly adjoining 
the corresponding planar regions, are patterned identically 
into source, drain and channel regions. In this case, the 
height difference betWeen the active semiconductor region 
and the STI surface corresponds to the Width of the vertical 
channel regions. The doping pro?le depth of the source and 
drain regions is preferably greater than the said height 
difference. 

[0051] As can be seen from FIG. 2, the ?eld-effect tran 
sistor according to the invention has a ?rst gate oxide layer 
4, Which is arranged on the upper surface 2a of the Web-type 
elevation 2. Furthermore, a ?rst gate electrode 5 is provided, 
Which is arranged on the ?rst gate oxide layer 4, the ?rst gate 
electrode having an upper surface and tWo lateral surfaces. 
A second gate oxide layer 6 is arranged on the lateral 
surfaces 2b of the Web-type elevation 2 and the ?rst gate 
electrode 4. Furthermore, a second gate electrode 7 is 
arranged on said second gate oxide layer 6 and on the upper 
surface of the ?rst gate electrode 5. 

[0052] The relief structure comprising active and sunk STI 
surface is thus covered by a double gate electrode in the 
channel region. In this case, the ?rst gate electrode 5 is 
preferably composed of highly doped polysilicon, While the 
second gate electrode 7 preferably has a polysilicon-metal 
layer stack. In this case, the tWo gate electrodes 5, 7 are 
arranged such that the ?rst gate electrode 5 covers exclu 
sively the planar part of the active region and approximately 
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terminates With the sidewalls thereof, While the second gate 
electrode 7 covers the vertical side Walls of the active region 
and encloses the ?rst gate electrode 5. 

[0053] In this case, the second gate electrode 7 makes 
contact With the ?rst gate electrode 5 on the planar surface 
thereof, While it is insulated from the lateral sideWalls 
thereof by the second gate oxide layer 6. 

[0054] In the case of the present embodiment of the 
?eld-effect transistor according to the invention, the edge 8 
of the active region is rounded. The radius of curvature of 
this rounding is of the order of magnitude of the gate oxide 
thickness. Furthermore, the channel region is ?anked on the 
source and drain side by spacers (not shoWn) Which laterally 
insulate the dual gate electrode 5, 7 from the S/D contact 
areas. 

[0055] FIGS. 3a-3h shoW a ?rst embodiment of the 
method according to the invention for fabricating a ?eld 
effect transistor. After a feW preparatory fabrication steps, a 
?rst gate oxide layer 4 and also a ?rst gate electrode layer 5 
and pad nitride layer 10 are produced on a semiconductor 
substrate 1, in particular a silicon substrate. In this case, the 
gate oxidation can be carried out for example With the aid of 
a thermal oxidation. The gate electrode layer and pad nitride 
deposition is effected for example With the aid of CVD 
methods. The resultant situation is shoWn in FIG. 3a. 

[0056] AfterWard, using a resist mask 11, this layer stack 
is patterned together With the STI patterning. This joint 
patterning is effected for example With the aid of chemical 
physical dry etching. Consequently, a Web-type elevation 2 
With an upper surface 2a and tWo lateral surfaces 2b is 
produced, the ?rst gate oxide layer 4 and the ?rst gate 
electrode-layer 5 being arranged on the upper surface 2a. 
The edges 8 betWeen the upper surface 2a and the tWo lateral 
surfaces 2b are cut sharply, virtually at 90° C., in this 
processing stage. The resultant situation is shoWn in FIG. 
3b. 

[0057] The folloWing are then effected: the removal of the 
resist mask 11 and also cleaning and a brief thermal oxida 
tion in order to improve the quality of the perpendicular side 
areas, and also sealing of the sideWalls of the ?rst gate 
electrode layer 5. The surface relief produced is then ?lled 
With oxide 3 (FIG. 3c), thermally densi?ed and planariZed 
to a nitride residual thickness by means of a CMP method 
(chemical mechanical polishing) (FIG. 3d). The thermal 
processes of this processing section result in slight Widening 
of the ?rst gate oxide layer 4 at the edge 8 and rounding of 
the edges 8 betWeen the upper surface 2a and the tWo lateral 
surfaces 2b of the Web-type elevation 2. 

[0058] The STI oxide 3 is subsequently etched back in a 
planar manner doWn to a de?ned depth by means of aniso 
tropic etching using a block mask 12, Which covers all the 
regions for transistors Without intended vertical channel 
extension. This etching has a certain selectivity With respect 
to the pad nitride layer 10, so that the upper surfaces 2a of 
the Web-type elevations 2 still remain reliably covered With 
silicon nitride 10. The remaining STI ?lling depth is dimen 
sioned so as to guarantee a later reliable ?eld isolation. The 
resultant situation is shoWn in FIG. 36. 

[0059] After the removal of the block mask, cleaning/ 
overetching, the 2nd gate oxidation is effected (FIG. 3]‘). In 
this case, the second gate oxide layer 6 groWs on the 
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uncovered sideWalls of the Web-type elevation 2 and on the 
uncovered sideWalls of the ?rst gate electrode layer 5. This 
oxidation step additionally Widens the ?rst gate oxide layer 
4 at the edges 8 and further reduces the curvature of the 
substrate and poly edges. AfterWard, the pad nitride residual 
layer 10 that remained on the surfaces of the ?rst gate 
electrode layer is removed (FIG. 3g) and, after further 
cleaning, the second gate electrode layer 7 is deposited 
(FIG. 3h). 
[0060] AfterWard, using a mask (not shoWn), the ?rst and 
second gate electrode layers are jointly patterned With the 
aid of etching, preferably plasma etching, the etching stop 
ping in the ?rst gate oxide layer. This is then folloWed by the 
further processing including fabrication of the source/drain 
regions through to the complete circuit in accordance With 
the conventional process sequence. 

[0061] FIG. 4 shoWs a further embodiment of the ?eld 
effect transistor according to the invention. As can be seen 
from FIG. 4, the further embodiment of the ?eld-effect 
transistor according to the invention also has a Web-type 
elevation 2, Which is arranged on a semiconductor substrate 
1 and has an upper surface 2a and tWo lateral surfaces 2b. 
The Web-type elevation 2 constitutes the active semicon 
ductor region in this case. 

[0062] The active semiconductor region With vertical con 
nection to the semiconductor substrate is again laterally 
insulated from adjacent active regions by STI ?eld isolation 
region 3. The surface of the active region is patterned into 
source and drain regions and planar channel regions. It 
projects above the STI surface, as a result of Which the 
sideWalls of the active region are in part uncovered. These 
uncovered side Walls, directly adjoining the corresponding 
planar regions, are patterned identically into source, drain 
and channel regions. The height difference betWeen active 
and STI surface corresponds to the Width of the vertical 
channel regions. The doping pro?le depth of the source and 
drain regions is preferably greater than said height differ 
ence. 

[0063] The relief structure comprising active and sunk STI 
surface is thus covered by a dual gate electrode 5, 7 in the 
channel region. In this case, the ?rst gate electrode 5 is 
preferably composed of highly doped polysilicon, While the 
second gate oxide 7 preferably has a polysilicon-metal layer 
stack. The tWo gate electrodes 5, 7 are arranged in such a 
Way that the ?rst gate electrode 5 covers exclusively the 
vertical part 2b of the active region 2 and terminates 
approximately With the upper surfaces thereof, While the 
second gate electrode 7 covers the upper surface of the 
active region 2 and encloses the ?rst gate electrode 5. In this 
case, the second gate electrode makes contact With the ?rst 
gate electrode on the lateral surfaces thereof, While it is 
insulated from the upper sideWalls thereof by the second 
gate oxide layer 6. The channel region is covered by the 
second gate oxide layer 6 on its planar part and by the ?rst 
gate oxide layer 4 on its vertical areas. 

[0064] FIG. 5 shoWs a further embodiment of the ?eld 
effect transistor according to the invention. The embodiment 
of the ?eld-effect transistor according to the invention as 
shoWn in FIG. 5 essentially corresponds to the embodiment 
of the ?eld-effect transistor according to the invention as 
shoWn in FIG. 2, With the exception that the second gate 
oxide layer 6 is made thicker on the lateral surfaces of the 
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?rst gate electrode 5 than on the lateral surfaces 2b of the 
Web-type elevation 2. The thickening of the second gate 
oxide layer 6 on the lateral surfaces of the ?rst gate electrode 
5 is achieved by a selective gate oxidation, exploiting the 
fact that, given suitably selected process parameters, a 
higher oxidation rate is obtained on polysilicon than on 
monocrystalline silicon. 

[0065] FIG. 6 shoWs a further embodiment of the ?eld 
effect transistor according to the invention. The embodiment 
of the ?eld-effect transistor according to the invention as 
shoWn in FIG. 6 essentially corresponds to the embodiment 
of the ?eld-effect transistor according to the invention as 
shoWn in FIG. 2, With the exception that a spacer 14, in 
particular an oxide spacer, is arranged on the second gate 
oxide layer 6 at the level of the ?rst gate electrode 5. In this 
case, the spacer 14 can be formed on the sideWalls of the ?rst 
gate electrode layer 5 immediately after the patterning 
thereof, still before the formation of the Web-type elevation 
2. The oxidation for producing the second gate oxide layer 
6 then reinforces this spacer 14 by an additional oxide layer 
directly on the lateral surfaces of the ?rst gate electrode layer 
5. 

[0066] The ?eld-effect transistor according to the inven 
tion has the advantage that a signi?cant increase in the 
effective channel Width for the forWard current ION can be 
ensured compared With previously knoWn, conventional 
transistor structures, Without having to accept a reduction of 
the integration density that can be attained. In the case of the 
?eld-effect transistor according to the invention, the planar 
channel region at the upper surface of the elevation is 
extended in Width by additional vertical channel regions at 
the side areas of the elevation. These additional vertical 
channel regions directly adjoin the planar channel region 
(vertical extended channel regions). 

[0067] Furthermore, the ?eld-effect transistor according to 
the invention has a small reverse current IOFF. These advan 
tages are obtained Without having to reduce the thickness of 
the gate insulator into the region of the tunneling of charge 
carriers or reduced stability. 

1. A ?eld-effect transistor in particular MIS ?eld-effect 
transistor, having: 

a) at least one Web-type elevation (2), Which is arranged 
on a semiconductor substrate (1) and has an upper 
surface (2a) and lateral surfaces (2b), 

b) a ?rst gate oxide layer (4), Which is arranged on the 
upper surface (2a) of the Web-type elevation (2), 

c) a ?rst gate electrode (5), Which is arranged on the ?rst 
gate oxide layer (4), the ?rst gate electrode having an 
upper surface and lateral surfaces, 

d) a second gate oxide layer (6), Which is arranged at least 
on a part of the lateral surfaces (2b) of the Web-type 
elevation (2) and the ?rst gate electrode (4), 

e) a second gate electrode (7), Which is arranged on the 
second gate oxide layer (6) and the upper surface of the 
?rst gate electrode (5) and 

f) source and drain regions, Which are arranged on the 
Web-type elevation 

2. The ?eld-effect transistor as claimed in claim 1, 
Wherein the second gate oxide layer (6) is made thicker on 
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the lateral surfaces of the ?rst gate electrode (5) than on the 

lateral surfaces (2b) of the Web-type elevation 3. The ?eld-effect transistor as claimed in claim 1, 

Wherein an insulating spacer (14) is arranged on the second 

gate oxide layer (6) at the level of the ?rst gate electrode 4. A ?eld-effect transistor in particular MIS ?eld-effect 

transistor, having: 
a) at least one Web-type elevation (2), Which is arranged 

on a semiconductor substrate (1) and has an upper 
surface (2a) and lateral surfaces (2b), 

b) a ?rst gate oxide layer (4), Which is arranged at least on 
a part of the lateral surfaces (2b) of the Web-type 
elevation (2), 

c) a ?rst gate electrode (5), Which is arranged on the ?rst 
gate oxide layer (4), the ?rst gate electrode (5) having 
an upper surface and lateral surfaces, 

d) a second gate oxide layer (6), Which is arranged on the 
upper surface (2a) of the Web-type elevation (2) and the 
upper surface of the ?rst gate electrode (5), 

e) a second gate electrode (7), Which is arranged on the 
second gate oxide layer (6) and the lateral surfaces of 
the ?rst gate electrode (5), and 

f) source and drain regions, Which are arranged on the 
Web-type elevation 

5. The ?eld-effect transistor as claimed in claim 1, 
Wherein the edges (8) of the Web-type elevation (2) are 
rounded betWeen the upper surface (2a) and the lateral 
surfaces (2b) 

6. The ?eld-effect transistor as claimed in claim 5, 
Wherein the radius of curvature of the edges (8) is of the 
order of magnitude of the layer thickness of the ?rst or 
second gate oxide layer (4, 6). 

7. The ?eld-effect transistor as claimed in claim 1, 
Wherein 20 spacers are arranged betWeen the source region 
and the gate electrodes and also betWeen the drain region 
and the gate electrodes. 

8. The ?eld-effect transistor as claimed in claim 1, 
Wherein the ?rst gate electrode (5) has a polysilicon layer. 

9. The ?eld-effect transistor as claimed in claim 1, 
Wherein the second gate electrode (7) has a polysilicon 
metal double layer or a polycide layer. 

10. The ?eld-effect transistor as claimed in claim 1, 
Wherein the part of the lateral surfaces (2b) of the Web-type 
elevation (2) Which is covered by a gate oxide layer (4, 6) 
is bounded by a trench isolation 

11. The ?eld-effect transistor as claimed in claim 1, 
Wherein the doping pro?le depth of the source and drain 
regions is greater than the extent of the part of the lateral 
surfaces (2b) of the Web-type elevation (2) Which is covered 
by a gate oxide layer (4, 6). 

12. A method for fabricating a ?eld-effect transistor, in 
particular a MIS ?eld-effect transistor, having the folloWing 
steps: 

a) a semiconductor substrate (1) With a ?rst gate oxide 
layer (4) applied thereon and a ?rst gate electrode layer 
(5) applied to the gate oxide layer (4) is provided, 

b) at least one Web-type elevation (2) With an upper 
surface (2a) and lateral surfaces (2b) is produced, the 
?rst gate oxide layer (4) and the ?rst gate electrode 
layer (5) being arranged on the upper surface (2a), 
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c) a second gate oxide layer (6) is produced at least on a 
part of the lateral surfaces (2b) of the Web-type eleva 
tion (2) and the ?rst gate electrode layer (5), 

d) a second gate electrode layer (7) is applied, so that the 
second gate electrode layer (7) is arranged on the 
second gate oXide layer (6) and the upper surface of the 
?rst gate electrode layer (5), and 

e) the ?rst and second gate electrode layers (5, 7) are 
patterned to form ?rst and second gate electrodes and 
source and drain regions are produced. 

13. The method as claimed in claim 12, Wherein the 
Web-type elevation (2) is produced With the patterning of the 
trenches for a trench isolation 

14. The method as claimed in claim 13, Wherein the 
trenches for the trench isolation are ?lled With oXide (3) and 
etching-back is carried out, so that a part of the lateral 
surfaces (2b) of the Web-type elevation (2) is uncovered. 

15. The method as claimed in claim 14, Wherein a CMP 
step is carried out prior to the etching-back. 
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16. The method as claimed in claim 12, Wherein at least 
one therrnal process is carried out for rounding the edges (8) 
of the Web-type elevation (2) betWeen the upper surface (2a) 
and the lateral surfaces (2b). 

17. The method as claimed in claim 12, Wherein the gate 
oXide layers (4, 6) are in each case produced by a thermal 
oXidation. 

18. The method as claimed in claim 12, Wherein the 
second gate oXide layer (6) is produced by selective oXida 
tion, so that the second gate oXide 5 layer (6) is made thicker 
on the lateral surfaces of the ?rst gate electrode (5) than on 
the lateral surfaces (2b) of the Web-type elevation 

19. The method as claimed in claim 12, Wherein an 
insulating spacer is produced after the production of the ?rst 
gate electrode layer (5), so that an insulating spacer (14) is 
arranged on 15 the second gate oXide layer (6) at the level 
of the ?rst gate electrode 

* * * * * 


